was less than 300 mW. The pyroelectric crystal (thickness ∼mm) was electrified up to ∼30 kV by changing the temperature. The temperature range in Cool-X was unknown (in Brownridge's paper, from ∼0˚C to ∼100˚C). This X-ray generator emitted X-rays that consisted of Ta L and Cu K lines and bremsstrahlung radiation, in a large solid angle from a Be window 9 mm in diameter. Cu Kα line overlapped Ta Lα line and they formed one peak at about 8 keV. The details of this Xray generator are described elsewhere. 1 The emitted fluorescence radiation from the sample was detected by a silicon drift detector (Ourstex, Neyagawa, Japan) with Ketek silicon drift module of 5 mm 2 effective detection area, 300 µm crystal thickness, and an energy resolution of 160 eV for 5.9 keV X-rays. The detector was equipped with an 8 µm thick Be window and a Zr collimator 2.4 mm in diameter.
The geometry between the X-ray generator and the detector was fixed at 90˚. A sample was placed at a distance of 1.5 cm from both the X-ray generator and the detector. The wide X-ray flux (diameter ≥ 9 mm) irradiated the sample without a collimator. Considering the solid angle for the irradiated area on the sample, a simple geometry of 90˚ was chosen.
All measurements by the pyroelectric X-ray generator were performed in air for 1000 s. This measurement time covered several cycles of heating and cooling of the pyroelectric crystal. The peak intensity increased according to the duration of the measurement, and 1000 s was enough time to identify the peak. The signals from the detector were taken into a digital signal processor and each spectrum was analyzed after a Savitzky-Golay smoothing procedure 19, 20 (second order, 11 points, 10 iterations, one channel corresponded to 8.4 eV).
For comparison, glass samples were also analyzed with an XRF spectrometer SEA5120 (Seiko Instruments, Chiba, Japan). This spectrometer consisted of a molybdenum target X-ray tube, a collimator and a Si (Li) detector with 6 mm effective detection diameter, with an energy resolution of 155 eV for 5.9 keV Xrays. The X-ray tube was used at 45 kV, 44 -64 µA (automatically set current). The collimator of 1.8 mm in diameter was used. All measurements by SEA5120 were performed in vacuum for 300 s and each spectrum was analyzed with a software package that was normally installed in the spectrometer. Ceramic samples could not be analyzed by SEA5120 because the size of the ceramic samples was larger than the space to hold the analyte and the ceramic samples could not be put into this spectrometer.
Results and Discussion

Glass
The list of glass samples analyzed in this study and the elements detected by Cool-X and SEA5120 are presented in Table 1 . In Table 1 , Quartz cuvet was quartz glass, Test tubes and Cover glass were borosilicate glass and the others were soda-lime glass. The constituent of quartz glass was SiO2, and only Si was detected in Quartz cuvet. The elements detected by SEA5120 were Na, Mg, Al, Si, K, Ca, Ti, Cr, Fe, Zn, As, Rb, Sr, Sb, Ba, and Pb. As exists widely in minerals, and is contained in glass as an impurity. Cr in Bottle was a green color agent. Among these elements, Cool-X did not detect light elements such as Na, Mg, and Al. Although glass contains much Si, the peak intensity of Si by Cool-X was small in all samples. Elements of low atomic number were difficult to detect because of low fluorescence yield and absorption of fluorescent X-rays in air.
The content of each element detected by SEA5120 was calculated with the fundamental parameter method. Because this spectrometer could not detect light elements such as B (contained in borosilicate glass) and O (contained in all glass as oxide), the content was a relative content of the detected elements that did not include B and O. The contents of K, Ca, Ti, Cr, Fe, Zn, As, Rb, Sr, Sb, Ba and Pb in all samples except Quartz cuvet are listed in Table 2 , with the result of detection by Cool-X. 0.93% K (in Sheet glass) and 1.72% K (in Bottle) was not detected, whereas Ca was detected when the content was less than 1% (in Test tubes 1, 2, and 3). The sensitivity for K was lower than the sensitivity for Ca owing to the lower fluorescence yield and the larger absorption in air. The reason
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ANALYTICAL SCIENCES AUGUST 2004, VOL. 20 The high sensitivity for Sr was due to low background around Sr Kα line. 0.73% Ba (in Test tube 1) was not detected, whereas 0.55% Ba (in Test tube 2) was detected. The reason for nondetection of 0.73% Ba (in Test tube 1) was that Test tube 1 contained Ti, and the Ba L line overlapped Ti K line. Ba in Test tube 1 was detected by SEA5120 because Ba K line appeared in the spectrum. This indicated the advantage of analysis with high energy X-rays. As, Rb, Sb, and Pb were not detected by Cool-X owing to the low content of these elements in glass samples. The detection limit (MDL) for each element detected was calculated according to the expression MDL = 3B 1/2 (C/N), where B = background counts, N = net counts, C = content of the element. The MDL for each element were as follows: K, 1.25%; Ca, 0.36%; Ti, 0.44%; Cr, 0.11%; Fe, 0.05%; Zn, 0.46%; Sr, 0.07%; Ba, 0.27%. Though the sensitivity depends on the element, this result shows that elements (excluding light elements such as B, O, Na, Mg, and Al) in glass can generally be detected by Cool-X when the content is sub-percentage level. Spectra of Test tube 3 by Cool-X and SEA5120 are presented in Figs. 1 (a) and (b) , respectively, to show detection of 2.37% K, 0.88% Ca, 0.05% Fe, and 0.65% Ba by Cool-X, and to show the difference of the spectra by Cool-X and SEA5120. The large peak intensity of Sr by SEA5120 was owing to effective excitation by Mo Kα line. The increasing background at Sr in Fig. 1 (b) is a shoulder of Compton scattering of Mo Kα line. Table 1 shows that the elements detected in each sample are different from one another except Test tube 2 and Test tube 3. When the elements detected are different, the samples can easily be identified, i.e. whether the two samples are the same or not can be concluded. The same elements (Si, K, Ca, Fe, and Ba) were detected in Test tube 2 and Test tube 3, where the relative peak intensity of Ba was different from each other. When the relative peak intensity of an element is different, the samples can be identified even when the same elements are detected. Though the number of elements detected by Cool-X is less than the number of elements detected by SEA5120, identification of all the glass samples analyzed can be carried out on the basis of spectrum difference. Representative spectra of Quartz cuvet, Test tube 1, Slide glass and Bottle are presented in Fig. 2 to show detection of Si, K, Ca, Ti, Cr, Fe, Sr, and Ba.
Ceramics
The list of the ceramic samples analyzed in this study, and the elements detected by Cool-X are presented in Table 3 . All measurements were performed on areas where there was no painting to avoid detecting elements in pigments. Because there was an enamel layer on the surface of these ceramic samples, elements detected by XRF analysis were mainly the elements in the enamel rather than the foundation clay. The constituent of enamel is similar to glass. Si, K, Ca, Ti, Fe, Zn, Ba, and Pb were detected in the ceramic samples. Pb in ceramics is an element that has been intentionally added in enamel as an additive. On the other hand, Pb in glass is ordinarily an impurity, except for lead glass. Therefore the content of Pb in ceramics whose enamel contains lead compound as an additive is much higher than the content in glass. This is the reason why Pb was not detected in glass and was detected in ceramics by Cool-X. Though the same elements (Si, K, and Fe) were detected in Cup 1 and Dish 1, the relative peak intensities of these elements were different from each other and these samples were easily identified by the XRF spectrum. Cup 2, Cup 3, Dish 2, and Cup 4, Dish 3, Dish 4 were also identified respectively by a similar reason. The elements detected in other samples (Cup 5, Cup 6, Cup 7, Dish 5, and Dish 6) were different from one another. Therefore identification of all the ceramic samples analyzed can be carried out on the basis of spectrum difference. Representative spectra of Dish 5 and Dish 6 are presented in Fig. 3 to show detection of Si, K, Ca, Ti, Fe, Ba, and Pb.
In this study, ceramic samples (cups and dishes) could not be analyzed by a conventional XRF spectrometer due to the incapability of putting a large analyte into the spectrometer. A portable X-ray generator has no limitation on sample dimensions. Large samples can be analyzed with a portable device. Moreover, analysis can be carried out on all the analytes of various forms because an X-ray generator and a detector can take arbitrary geometry according to each analyte. If a cup-shaped analyte is larger than the X-ray generator and the detector, analysis on areas inside the sample is possible, where a conventional XRF spectrometer cannot analyze. Portable devices have such advantages, although measurement 1213 ANALYTICAL SCIENCES AUGUST 2004, VOL. 20 Table 2 The content of elements detected by SEA5120 a. Not detected by Cool-X. All data in wt%. Note that these values are relative contents of the elements excluding B and O. Table 3 The ceramic samples analyzed and elements detected by Cool-X in air is a disadvantage to detect light elements.
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Conclusions
Glass and ceramics were analyzed by the pyroelectric X-ray generator, and Si, K, Ca, Ti, Cr, Fe, Zn, Sr, Ba, and Pb were detected in glass and ceramic samples. Light elements such as Na, Mg, and Al were not detected in all samples. Minor elements in glass such as As, Rb, Sb, and Pb were not detected owing to the low content of these elements. The number of elements detected in each glass sample by the pyroelectric Xray generator was less than the number of elements detected by a conventional XRF spectrometer because of the low X-ray output of the pyroelectric X-ray generator and measurements in air. Notwithstanding this disadvantage, the XRF spectra of all the samples analyzed were different from one another and the samples were identified on the basis of spectrum differences (elements detected and their relative peak intensity). Of course strict identification cannot be carried out with this X-ray generator. That needs high sensitivity XRF analysis or other analytical methods. The pyroelectric X-ray generator can be used for preliminary screening to examine whether the two samples have the same main composition or not. If a difference on the composition is recognized, identification is finished and the conclusion that the two samples are different is obtained. If no difference on the composition is recognized, further analysis is needed to carry out identification of the two samples. This novel device has the capability for on-site screening of analytes. Glass and ceramics contain SiO2 as principal compound. The pyroelectric X-ray generator shows the capability of analyzing glass and ceramics that are representative of nonmetallic inorganic material. This result indicates that the pyroelectric Xray generator can also be used for analysis of rock and soil whose composition is similar to glass and ceramics (i.e. Si matrix).
The pyroelectric X-ray generator is particularly suitable for portable XRF spectrometers because of the characteristics of small dimensions (125 mm × 45 mm × 30 mm), light weight (210 g) and dry battery drive (9 V). This X-ray generator has no limitation on sample dimensions. Large samples that cannot be put into a conventional XRF spectrometer can be analyzed by the use of a portable device. Though the sensitivity of portable devices is generally lower than the sensitivity of conventional XRF spectrometers owing to the low X-ray output and measurement in air, portable devices have an advantage of analyzing large samples and immovable samples that cannot be analyzed by conventional XRF spectrometers without destruction of the sample.
